Abstract-Nanocrystalline sensors having the general formula ZnO + x wt% CeO 2 , where x = 0, 2, 4 and 6 were prepared by chemical precipitation method and sintered at 400, 600 and 800 o C for 2h in static air atmosphere. The crystal structure and the morphology of the prepared samples were investigated and characterized by using XRD, IR, SEM and TEM techniques. The investigation revealed that the average crystallites size increases with increasing the sintering temperature. The electrical conductivity is found to increase with CeO 2 additions and sintering temperature. Gas sensing properties of the prepared samples were also investigated. The effect of CeO 2 content and sintering temperature on the structure, electrical conductivity and ethanol gas sensing properties of the prepared samples are discussed.
INTRODUCTION
Many industrial and commercial activities required the detection, quantification and controlling of ethanol gas concentration [1] . Ethanol gas sensors are extensively used for breath analyzer of drivers which aid to reduce the number of roads accidents, monitoring of fermentation, foodstuffs conserving and other processes in chemical industries [2] [3] [4] . In recent years, ZnO nanostructures have been studied as possible candidate for the fabrication of ethanol gas sensors due to their high surface area, low cost and high sensitivity [5] [6] [7] . The working principle of the ZnO as semiconductor gas sensors is based on the change in its resistance after exposure to ethanol gas. The reaction of ethanol gas with the chemisorbed oxygen ions species (O − , O 2− ) on the sensor surface is accompanied with liberate of electrons to the conduction band which leads to the observed change in resistance [7] [8] . The sensing properties of the ZnO gas sensor can be improved by decreasing its particles size and consequently increasing the surface area which provides more surface active sites for gases to adsorb and interact [9] . The doping of ZnO with suitable dopant is an important and effective way to improve its sensing properties [10] . Many authors have attempted to improve the gas sensing properties of ZnO toward ethanol gas via using some additives such as noble metal
Pd, Pt and Au [11] [12] [13] , transition or main-group metal oxide including of TiO 2 , CuO, CoO, and RuO 2 [14] [15] [16] [17] . The effect of Al-, In-, Cu-, Fe and Sn-dopants on the response of a ZnO thin film gas sensor to ethanol vapour has been studied by Paraguay et al. [18] . Rare earth oxides are well known to display a high surface basicity, fast oxygen ion mobility and interesting catalytic properties which are very important in gas sensing [19] . The present work aims to prepare the pure and Ce-doped ZnO nanoparticles sintered at different temperature and to study the effect of CeO 2 content and sintering temperature on the structure, electrical conductivity and sensing properties toward ethanol gas of nanocrystalline ZnO.
II. EXPERIMENTAL METHODS

a-Synthesis of ZnO nanoparticles
Synthesis of zinc oxide nanoparticles was carried out by using a simple chemical precipitation 
b-Sensors fabrication
Proper amounts of CeO 2 were added to the prepared ZnO powder with the ratio of 0, 2, 4 and 6 wt %. The obtained mixtures were ground in an agate mortar to get homogeneous and good mixing mixtures. The resulting mixtures were used to fabricate the sensor pellets of 12 mm in diameter and 2 mm thick by applying a pressure of 5 ton cm 3 using hydraulic press followed by sintering at 400, 600 and 800 o C for 2 h.
c-Characterization and measurement
The prepared samples were investigated by X-ray powder diffraction (XRD) using X-ray O bond [21] . This band slightly shifted to lower wavenumber and its shape became slightly more broadening with increasing the sintering temperature. This may be due to the increasing in the particles size or aggregation of the particles with increasing the sintering temperature [22] . The characteristic absorption band of the prepared ZnO overlapped with the CeO 2 absorption band which observed at ~ 433 cm -1 to give more broadening one (ν 1 ) for all doped samples as indicated in Table 1 . It is also noticed that, the bands position for the doped samples slightly shifted to higher wavenumber with CeO 2 additions at the same sintering temperature. This may be due to the change in the particles size or the degree of aggregation by the addition of CeO 2 .
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While, the average particle size decreases with CeO 2 additions at the same sintering temperature (Figs. 5 and 6 ). These results show that CeO 2 doping material may be act as inhibitor which resists the ZnO grain growth during the sintering temperature and the hexagonal shape of the ZnO nanoparticles is clearly enhanced by the addition of CeO 2 . 
e-Electrical conductivity measurements
The variation of the electrical conductivity with temperature for pure and CeO 2 -doped ZnO samples sintered at 400 and 800 o C are shown in Figure 7 . Generally, the features of the curves are nearly the same. Each curve consists of three different temperature regions denoted as AB, BC and CD. At low temperature regions (AB), the electrical conductivity of the samples slightly increases with increasing the temperature which may be attributed to the thermal excitation of impurity electrons presumably present. The decreases in the electrical conductivity in BC regions are likely to be in relation with the adsorbed of oxygen species on the surfaces of the ZnO nanoparticles [24] . The adsorbed oxygen molecules turning into oxygen ions (O 2 − →2O − →O 2− ) by accepting free electrons from the ZnO conduction band which leads to the increase in the resistance and consequently the decreasing in the electrical conductivity. With increasing the temperature, the intrinsic behaviour is dominant and the electrical conductivity in the CD regions was found to increases again, probably due to the thermal excitation of electrons and the desorption of oxygen species [24] .
The electrical conductivity of the pure and CeO 2 -doped ZnO samples is found to increase with increasing the sintering temperature from 400 up to 800 o C as shown in Figure 7 (a and 100 nm 100 nm 100 nm 100 nm b). This may be attributed to the increase in the charge carriers concentration due to the increase of oxygen vacancies by increasing the sintering temperature [25] . With increasing the sintering temperature, the boundaries of the grains get diffused which resulting in the increasing of the grains size which cause the electrical conductivity to increase [26] . With CeO 2 additions the electrical conductivity of the different samples sintered temperature was found to increase. This may be due to the increase of the charge carriers' concentration, which results in the decrease of the resistance of ZnO samples [27] . The intrinsic activation energy (∆E) of the measured samples at higher temperature region was calculated and presented in oxygen species and ethanol gas [5, 7] . When the pure and CeO 2 -doped ZnO sensor samples heated, oxygen molecules begin to adsorb and dissociate (O 2 − →2O − →O 2− ) on their surfaces and its concentration rise gradually with increasing the temperature until certain temperature which accompanied with the increase in the electrical resistance. While, at higher temperature desorption of the oxygen species from the sensor surfaces leads to the decrease in the oxygen species concentration. So, the high sensitivity values to ethanol gas at the temperature of 310 o C can be attributed to the high concentration of adsorbed oxygen species and high oxidation activity of ethanol gas according to the following equations [10, 28 and 29] :
The sensitivity of the sensor samples was found to decrease with increasing the sintering temperature from 400 up to 800 o C, Fig 8. The decreasing in the sensitivity with increasing the sintering temperature may be due to the effect of the particle size, where the smaller particles size having high surface area with more active sites of the gas sensor is believed to be one of the most important parameters that responsible for enhancing the sensing properties [6] . With increasing the sintering temperature up to 800 o C, the average particle size of the sensor samples increase and consequently the surface area decrease which provide less active sites for adsorption and interaction between the adsorbed oxygen species and ethanol gas which lead to the decrease in sensitivity.
The variation of the sensitivity with different CeO 2 concentration for ZnO + x wt% CeO 2 sensor samples sintered at different temperature is shown in Figure 9 . It can be seen that, the sensitivity of the sensors increases with increasing CeO 2 concentration up to 4 wt% and then decreases with further CeO 2 additions at different sintering temperature. The CeO 2 additions to ZnO sensors up to 4 wt% can promote the ethanol dehydrogenation reaction in the form of catalysts and improve ZnO surface basicity which enhances the sensitivity towards ethanol gas [30] . On the other hand, the increasing in CeO 2 doping concentration to 6 wt % may be cause a high covering of ZnO surface which reducing the available adsorption sites on ZnO surface and leads to the observed decrease in the sensitivity. Therefore, appropriate CeO 2 doping concentration seems to be benefit to improve the gas sensing properties. The response time is usually defined as the time taken to achieve at least 90 % of the final change in resistance during gas exposure. While, the recovery time is generally defined as the time taken for the sensor to get back at least 90 % of its original value when re-exposed to air ambient by maintaining the operating temperature constant [31] . Figure 11 
